An irrotational fiuiddynamical method based on the generalized scaling approximation is applied to the description of isovector giant multi pole states. For the case of a simple square density model for the ground state, analytic solutions of the equation of motion are derived and contrasted with those of the familiar hydrodynamical model. It is shown from model calculations that the present description provides a fair approximation to microscopic RPA results on gross features of isovector giant vibrations. § 1. Introduction Macroscopic fluiddynamical (FD) models of collective motion provide interesting possibility of understanding basic features of collective states using a few dynamical variables without entering into detailed microscopic calculations. During the last decade, stimulated by an attempt of Bertsch l ) to approximately reformulate the RPA equation in terms of a macroscopic displacement (generalized scaling) field, FD descriptions have found renewed interese)-6) especially in the application to giant multi pole states. It has been shown 7 ) that the scaling approach can take account of the dynamical quadrupole distortion in momentum space and thus ,serves to avoid the assumption of local equilibrium underlying the standard hydrodynamical model. In our previous workS) we have demonstrated that the irrotational FD approach to nuclear dynamics in terms of a single velocity (or displacement) potential is successfully applicable to the description of isoscalar giant vibrations with low multipolarity. Recently this approach has been also used to calculate collective excitations in the continuum with a good success. B) In the .present paper we shall study basic features of isovector giant multipole states resulting from this irrotational description. The present work thus is concerned with a dynamical extension of the variational study of Ref. 9) where a specially parametrized form is assumed for the velocity potential.
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In §2 we briefly summarize the formalism leading to the macroscopic equation of motion for the dynamical variable, using Skyrme-type effective interactions. On the assumption of a sqtiare density distribution for the ground state, analytic solutions ofthe equation of motion are derived in §3. These solutions are then contrasted with those of the familiar hydrodynamical modePO),ll) based on the first sound dynamics. In §4 properties of eigenmodes resulting from the present description are discussed and compared with microscopic RP A results. § 2. with 01Jf(t1)=01Jf(t2)=0. As the effective interaction in the total Hamiltonian H, we employ the Skyrme-type interaction:
where
The Coulomb and spin-orbit interactions are omitted and N = Z systems are considered. The variation with respect to ';(r, t) leads to the equation of continuity:
where Po( r) denotes the ground state density and x( r) the local 'enhancement factor' defined by
with the effective mass m*(r)=(1/m+4bopo(r))-1. Here bo and br are the coefficients of the current-current interaction in the isoscalar and isovector spin-independent channels (0-and r-channels), respectively: 
The equation of motion (2·11) in our dynamical description can be solved numerically under the appropriate boundary conditions using Eqs. (2·9) and (2·12) and the HF densities, Po( r) and r ap( r ). §3. Square density model
Since the exact solutions of the equation of motion (2·11) are given only numerically, analytic solutions based on a simplified geometry are very useful to investigate characteristic features of the eigenmodes. In this section, we assume the square density distribution: 
For consistency with the assumption of the square density distribution, we neglect the last two terms in Csc[s] , Equation (3· 1) applies also to the isoscalar case if we replace a,(po), b, and c, by ao(po), bo and Co, respectively. In this case the most diverging terms involving (apo(r)/ar)2 or (araa(r)/ar)(apo(r)/ar) cancel out and the remaining surface terms which contain (apo(r)/ar) or (araa(r)/ar) can be eliminated by using the semiclassical equilibrium condition:
On the contrary, for isovector modes we have by no means such cancellations among the most diverging ter:ms and we are thus led to require (3·2) in order to avoid infinite Csc [s] , Equation (3·2) is nothing but the boundary condition of the Steinwedel-Jensen mode1. 10 ) Let us now introduce the nuclear Lame constants A and f.l by
where Fo' is the Landau parameter in r-channel. Since we are interested in the equation of motion in the interior and the boundary conditions at the surface for the inside solutions we can put By using Eqs. (3·4) and (3'5) and taking account of condition (3'2), we evaluate the
variation o{C[s]-aiB[s]-fe( f)(aF(r )/ar )o(R-r )d
3 r} with c being a Lagrange multiplier. We find
where GI(r) is a linear function of derivatives of F(r) (see Eq. (3·11b)). From Eq. (3·6) we immediately obtain the equation of motion in the nuclear interior (r<R):
For a given multipolarity L, this equation has regular solutions of the form:
with the dispersion relation 
We first note that the present description based on the generalized scaling approximation admits the incompressible term rL YL in the velocity or displacement potential. Obviously, the divergence free term in the displacement potential causes no density change in the interior but the quadrupole distortion of the local Fermi surface for L > (xo, X3)=( -0.289, -0.5) leading to cs v =32.9 MeV (Fo'=2.0) and cs s = -51. MeV. We first discuss results from the square density model described in §3. Table I shows properties of the lowest two L=l and 2 states determined from Eqs. (3) (4) (5) (6) (7) (8) (9) and (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) for several values of Fo' in comparison with the hydrodynamical (HD) results; C/VF stands for the reduced sound speed c/vF=/3/5+Fo'/3 for zero range forces, so that w/Q=(c/VF)Z, and similarly for the HD case CHD/ VF = 11/3 + Fo' /3. The rows of EWS/ ml denote the ratio of the energy weighted strength (EWS) to the linear energy-weighted sum rule value (ml) for the multipole operator rL YLrz. It is seen in Table I that the value of Z = qR for finite Fo', which is determined from the boundary conditions (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , is smaller than the corresponding one of the hydrodynamical model as discussed in §3. The increase of the reduced sound speed C/VF from the hydrodynamical one C~D/VF is thus partially cancelled by the reduction of the wave number in the excitation energy, yielding W(l) / w\M= 1.07 (1.11) for the first L=1(2) state in the case Fo'=1.32, as compared with c/cHD=1.16. For the second mode the reduction of the wave number is negligibly small and therefore the increase of the sound speed is directly reflected in the increase of the excitation energy from the hydrodynamical one. In this c()nnection we recall that for the monopole vibration we always obtain the relationw/wHD= c/cHD=/(9/ 5+ Fo')/ (1 + Fo'). Finally we note that in Table I the ratio EWS/ml in our model is almost independent of Fo' and is Let us now compare the results from the present macroscopic description with those from microscopic HF-RPA. We consider two model systems: A=184 and 4096. Although the latter is very fictitious, it is expected to exhibit the bulk feature of giant vibrations in a large A limit. As in Ref. 5) we employ the response function method 13 ) for the RP A calculation. In most cases the RP A transition strength for isovector excitations is fragmented to several states. Since we are not interested in detailed features of individual nuclei, we smooth out fine structure by taking a proper average over these states and regard the position of the resulting peak as the RP A energy WRPA. The RP A transition density and velocity field are also averaged around the peak. In Table II , we show the energy WN of the first excited state resulting from numerical solutions *) of Eq. (2·11) in comparison with the RPA energy for L = 1 and 2 states in each model system. It is seen that the eigen-frequency WN in our dynamical description using HF densities gives a satisfactory agreement with the microscopic RP A result WRPA. By comparing WN/Q with the corresponding square density result WSq/Q:
we notice that the effect of the smooth surface leads to significant reduction in the eigenfrequency in the smaller system A = 184. As expected, this effect is particularly large for force (ii) leading to a more negative surface symmetry energy and thus to a less stiff surface for isovector deformations compared with case (i). In Table II 
A.
We now proceed to the comparison of the transition densities and velocity fields. is seen in Fig. 2 that the velocity fields VN(±) obtained from the numerical solution of Eq. (2'11) deviate significantly from the square density model results ( x). This indicates importance of the effect of the smooth nuclear surface.
In conclusion, we have applied the irrotational fiuiddynamical method to the description of isovector giant multipole states. For the square density distribution analytic solutions of the equation of motion have been derived and compared with those of the hydrodynamical model. The dynamical quadrupole distortion in momentum space is taken into account in our description and leads to the sound speed higher than the hydrodynamical one. The wave number determined by the boundary conditions is somewhat smaller than the hydrodynamical value, so that the difference in the eigenfrequency is not so large as expected from the increase in the sound speed. Numerical solutions of the equation of motion using HF densities have been shown to reproduce the basic features of microscopic RP A results for the considered model systems. The smooth nuclear surface has significant effects on the isovector giant vibrations and these effects have been analysed within the framework of the droplet model.
)-17)
It is interesting to investigate the role of surface effects in a transparent way on the basis of the present model.
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